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Abstract 
Currently, modern efficient load bearing structures are developed. Tensegrity structures and cable domes belong to the 
ultra-light-weight systems of the future. They are generated on the base of a synergy of compressed bars and tensioned 
cables. They are stabilized by their state of the stress. The important property of tensegrity systems and cable domes is the 
ability to control their behaviour through the introduction of active compressed or tensioned members. Models of the 
adaptive tensegrity structure and cable dome and results of their testing are presented and discussed. 
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1. Introduction 
A tensegrity system was originally developed in 1948 by the sculptor Kenneth Snelson in the form of a 
tensegrity tower and in the early sixties patents were simultaneously admitted to Richard Buckminster Fuller in 
the USA and David Georges Emmerich in France (see for example the monographs [1-4]). 
 
Geometry of the tensegrity system and initial pre-stresses, introduced into the members of the tensegrity 
system at its self-equilibrium state, have a significant influence on the behaviour of the loaded structure and 
greatly contribute to its stiffness and stability. In contrast with cable domes, tensegrities do not need massive 
anchorages of large tensile forces due to their self-stress characteristics. 
 
Tensegrity structures and cable domes are sensitive to asymmetric loads and small environmental changes. 
Active systems equipped with sensors and actuators provide the potential to control their shape and adapt to 
changing load and environmental conditions [5].  
 
Development of adaptive tensegrity structures has been a subject of research since the end of last century. 
This area is studied systematically at Swiss Federal Institute of Technology (EPFL) where a full-scale prototype 
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of an adjustable tensegrity system has been built and tested [6-7]. In many cases an active control of tensegrity 
structures is studied mainly through simulation and numerical experiments where most work is focused on 
dynamic behaviour and vibration control.  
 
    A new adaptive tensegrity system and cable dome developed, which have the ability to alter their 
geometrical form and stress properties in order to adapt their behavior in response to the current loading 
conditions, are presented in the paper. Results of the experimental analyses of the developed systems are briefly 
characterized.  
2. Characteristics  of structural properties of an adaptive tensegrity module 
The full-scale prototype of an adaptive tensegrity module was designed and built at the Laboratory of 
Structural Engineering of Faculty of Civil Engineering of the Technical University of Kosice. The elementary 
shape of the tensegrity module is an octahedral cell in the form of a double symmetrical pyramid with a square 
base as is shown in Fig. 1.  
 
Theoretical base plan dimensions are 2000x2000 mm and a height of one pyramid is 400 mm. Thus, the 
distance between the peaks of the both pyramids is 800 mm. This basic bearing structural system consists of 
eight tension members (cables) and five compression members (struts). All the members are mutually 
connected in nodes by hinge joints. Four of the five compressed members form a square perimeter of the 
tensegrity module and the fifth middle member is designed as an actuator. This active telescopic strut is used to 
modify the geometry and self-stress of the tensegrity system. The basic members and geometry of the 
tensegrity module are shown in Fig. 1.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Basic members and geometry of the tensegrity module 
The theoretical length of the struts is 2000 sL mm . The theoretical length of the bottom and top cables 
is 69,1469,,   tcbc LL mm . The ground plan diagonal length of cables is 42,2824 dL mm . Strand ropes of 
construction 7 x 7 (7 strands with 7 wires per strand) with a nominal diameter of 0,6 mm  were used for tensile 
cables. The characteristic value of the breaking force of the tension components is 20100 ukF N . Cross-
sectional area, Young's modulus and material of the members of tensegrity module are shown in Table 1. 
Table 1. Properties of individual members of an active tensegrity module  
Member Cross-section A [mm2] E [Nmm-2]  Material 
Bottom and top cables  6 mm 15,2 120 000 Stainless austenitic steel 1.4401 
Compressed members  51 / 3,2 mm 475,9 210 000 S 235 
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The hydraulic actuator is the part of the central compressed rod of the tensegrity system with the theoretical 
length of 8000,  AML mm. The actuator consists of a rectilinear hydraulic motor with an inductive position 
sensor embedded in the piston rod. This sensor enables to record the current force AMF in the action member 
together with the corresponding current position AM' . 
 
The tensegrity module is equipped with the sensors and actuator consequently the geometry and prestress 
and thereby the behaviour of the system can be adapted. In addition to primary sources of the signal from the 
action member (recording of the force in the actuator and its movement) also the ten following signal sources 
were installed onto the tensegrity module: four force transducers placed in the two bottoms and in the two top 
cable members and six strain gauges mounted on the circumferential compressed struts. Force transducers with 
a nominal load capacity of 10,0 kN  directly sense current forces in the cable members and strain gauges sense 
strains of the compressed struts.   
 
The goal of the form adjustment of the tensegrity module is to maintain pre-stresses of the top cables at 
required levels (control of slackening effects), control forces in the cables and thereby also a deformation of the 
structure. A finding of an adjustment command is in this case not so complicated but straightforward. 
Consequently, from the closed-form solution of the tensegrity module the relationship between inputs and 
outputs can be defined.  Actual values of signals from individual sensors are continuously monitored and at any 
change they are automatically recorded and evaluated using a computer.  
 
Controlling software is a LabEXPERT program system, which creates the programming environment for an 
implementation of various types of quasi-static and dynamic tests. LabEXPERT contains several programs 
serving to operate the equipment by means of sensors that are assigned to the connected hardware and 
interactive graphical display of measured data.  The LabEXPERT program allows an automated control of tests 
and execution of control commands for an introduction of the initial pre-stressed state of the tensegrity system, 
for its loading and adaptation. The program provides an automatic communication with the attached facilities.  
3. Test results of the tensegrity system 
Several tests were carried out on the adaptive tensegrity module. One of them was a test, aimed at the 
introduction and control of initial pre-stressing forces in tension cables of the tensegrity system through a 
movement of the action member under the zero loading. The pre-programmed fully automated block test with 
duration of 140 seconds was carried out. By a progressive movement of the action member the corresponding 
levels of initial pre-stressing forces in the cables were gradually generated.  
 
Course of the force AMF in the action member with time is shown in Fig. 2a. Forces in the load cylinder 
during the test are equal to zero as can be seen from Fig. 2b. Forces in the members are shown in Fig. 2c. Pre-
stressing forces in the bottom cables and top cables versus time are shown in Fig. 2d. 
4. Characteristics  of structural properties of an adaptive cable dome 
The adaptive cable dome was designed and built at the Laboratory of Structural Engineering. The 
elementary shape of the cable dome is geometrically designed as Levi's dome, which consists of 42 tension 
members (cables) and 7 compression members (struts). All the members are mutually connected in nodes by 
hinge joints. One of the seven struts elements is designed as an actuator, which is situated in the center of the 
cable dome. Actuator is an active telescopic strut used to modify the geometry and self-stress of the cable 
dome. Cable dome is created above circular plan with a diameter 3000 mm.  
 
Geometry of the cable dome model with principal dimensions and member descriptions are shown in Fig. 3.  
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Cross-sectional area, Young's modulus and material of the members of the cable dome are shown in Table 2. 
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Fig. 2. (a) course of changes of the axial forces in the action member; (b) course of changes of the axial forces in the load cylinder; (c) 
course of changes of the forces in the compressed members; (d) course of changes of the forces in the bottom and top cables 
Table 2. Properties of individual members of an active cable dome  
Member Cross-section A [mm2] E [N.mm-2] Material 
Bottom and top cables  6 mm 15,2 120 000 stainless austenitic steel 1.4401 
Compressed members  30/5 mm 392,7 210 000 S235 
  
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Geometry of the cable dome model 
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On the same principle as for the tensegrity module, a hydraulic actuator, with the theoretical length 
4500,  AML mm , was designed.  
 
Cable dome consist of a primary sources of the signal located in the action member, which enables to record 
the current force together with the corresponding current position and also consist of five force transducers and 
six strain gauges mounted on the each of compressed struts. Force transducers were placed on the each type of 
cable member: one force transducer for hoop cable, other two force transducers for diagonal cable members 
and the last two force transducers for ridge cables. View of the test device of the cable dome is shown in Fig. 4. 
 
 
Fig. 4. View of the cable dome test device 
5. Test results of the cable dome 
The test was realized by inserting the command blocks into the control program TestControl. The test 
simulates the motion of active member (actuator) and monitors the displacement of nodes and induced changes 
to the internal axial forces in the cable elements. The movement of the action member is controlled by 
changing in the position and throughout the test the load value was equal to zero. Test was carried out for the 
duration of 600 seconds.  
 
In this test, we simulated the movement of the action member from zero position to 44,5 mm. The movement 
of the action member was divided into the seven incremental parts. At the end of each increment was for 30 
seconds the length of the active member in a constant position. After the movement, when the action member 
achieved the position of 44,5 mm and after 30 seconds abidance in this position, followed 60 seconds return 
motion of the action member to the starting position. After 30 seconds in the zero position the test was ended.  
 
Course of changes in the position of the action member and corresponding forces in the action member with 
time are shown in Fig. 5a and Fig. 5b. Course of the forces in the load cylinder during the test is shown in Fig. 
5c, where can be seen, that the load is equal to (the relative) zero throughout the test. Course of the pre-
stressing axial forces in the cable members during the test is shown in Fig. 5d.  
6. Conclusions 
    Tests confirmed the required functionality of the developed adaptive tensegrity and cable dome system as 
well as the correctness of the proposed electronic equipment and software. An ability of the adaptability of the 
systems was demonstrated and proved. To increase the reliability and enhance the performance of these 
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structures: that is why this new approach is useful. It is believed that the adaptive systems presented will create 
a basis of a new technology for a variety of civil engineering applications.  
 
Fig 5. (a) course of changes of the positions in the action member; (b)  course of changes of the axial forces in the action member; (c)  
course of changes of the axial forces in the load cylinder; (d) course of changes of the axial forces in the cable members 
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